Diagnosis and Treatment of Paralysis of the Larynx and Pharynx
Following the introduction of the laryngeal mirror by Garcia, there developed nine different concepts concerning the different shapes and positions assumed by paralysed vocal cords. Galen described the anatomy, neuroanatomy and neurophysiology of the larynx well in the second century AD and Lemere (1932) confirmed the neuroanatomy. Electromyography of laryngeal function in the paralysed larynx combined with visual observations indicate that Semon's (1881) and Rosenbach's (1880) hypotheses were incorrect, and that Wagner (1890) and Grossman (1897) were correct in describing the position taken by a paralysed vocal cord (Dedo 1970) . Wagner and Grossman, after experimental studies in dogs, concluded that paralysis of the recurrent nerve leaves the vocal cord paralysed, that is to say, immobile in the paramedian position, while combined paralysis of the recurrent and superior laryngeal nerve leaves it immobile in the supra-intermediate position.
Diagnosis
By being able to examine paralysed vocal cords with indirect laryngoscopy and then determine which nerves were paralysed with electromyography, it was possible to correlate vocal cord position and shape with the specific nerve paralyses. From this it was confirmed that paralysis of the recurrent nerve not only leaves the vocal cord paralysed in the paramedian position but tends to leave the patient typically with a voice which is phonatory with a small-to-medium breathy sound because of the air leak. Occasionally, there is sufficient compensation by the other vocal cord so that the patient is even able to sing a little, although these people are rarely able to raise their voices to a volume greater than that of a soft conversational level. On the contrary, the combined paralysis of the recurrent and superior laryngeal nerve leaves the vocal cord paralysed in the intermediate position so that it is further away from the other vocal cord. On inspection the vocal cords in these patients tend to be more atrophic and bowed or concave, and the vocal process is cocked toward the midline as a result of the lateral rotation of the posterior part of the body of the arytenoid. As a result, their voices have a more breathy phonation and in extreme cases may have a persistent whisper even after maximum compensation of the other vocal cord across the midline to try to meet the paralysed cord (Dedo 1970) .
To complete the evaluation of a patient with paralysis of the vocal cord, one needs to obtain a history and do a complete ear, nose and throat examination in order to obtain all the information which may provide an etiology. X-ray of the chest to rule out a mass in the mediastinum or scar tissue in the apices of the lungs, an cesophagogram to rule out malignancy, and an X-ray at the base of the skull to rule out erosion of the bone can be useful at times to pinpoint the site. It is no longer felt necessary to obtain a bronchoscopy or an cesophagoscopy on all new patients with paralysis of the vocal cord to diagnose malignancy of the lung or cesophagus as early as possible, because a cancer of the lung or aesophagus which presents as paralysis of the vocal cord is essentially incurable at the present time, so early diagnosis does not improve the chance of cure.
Treatment
The usefulness of separating recurrent from combined recurrent and superior laryngeal nerve paralysis is twofold. First, it gives clues as to whether the etiology is below or above the hyoid bone where the two nerves have come close enough together so that one lesion can paralyse them. Secondly, it is useful in predicting the voice which can be expected after Teflon injection, because the vocal cord in the paramedian position ordinarily can be brought to the midline, resulting in a virtually normal voice, including in many cases the ability to sing. The vocal cord which has been paralysed in the intermediate position, however, has a small gap posteriorly between the arytenoids which makes the voice more likely to have a slight breathy component after Teflon injection. Attempts to close this posterior chink with Teflon will only result in a membranous vocal cord overfilled with Teflon. Teflon injection of the unilateral vocal cord gives quite dramatic improvement in voice with good reliability providing there is not direct injury and scarring in the vocal cord itself. The technique has been described in detail (Arnold 1955 , Goff 1960 , Lewy 1963 , Rubin 1965 , Dedo 1970 ) and the common complications to be avoided have been described. It is ordinarily not performed for bilateral vocal cord paralysis because the problem for these patients is not phonation but rather having an adequate airway. I prefer to perform the Teflon injection via indirect laryngoscopy under topical anesthesia, unless the patient is unable to sit up, e.g. because of paraplegia. The advantage of indirect laryngoscopy is that it is a rapid and simple procedure for the patient this way. Direct laryngoscopy under topical antsthesia not only is more trying for the patient but it tends to distort the larynx. Of course, Teflon injection of a vocal cord under general anaesthesia removes the fine tuning which is possible when the patient can phonate voluntarily, especially if he is able to do so without a laryngoscope in his mouth. If the paralysed vocal cord has followed surgery or is due to a malignancy, it can be performed as soon as feasible after diagnosis. However, if there is a possibility of return of function, as for example in patients with unknown etiology where it may be due to a viral infection, or after carotid artery surgery where it may just be due to cedema of the vagus nerve, then Teflon injection should be postponed six months in the former case and may be postponed up to twelve months in the latter situation.
After topical anesthetization of the undersurface of the anterior tongue, soft palate and hypopharynx with a 2% amethocaine (Pontocaine) spray, 0.5 ml 5 % cocaine is dripped on the epiglottis and sprayed on the cord once or twice. The Bruening syringe needle' is then inserted into the surface of the membranous vocal cord with its shank gently pressing against the false cord so that it is as far lateral as possible and as far 'Available from Storz Instrument Company, St Louis, Missouri 63122 posteriorly as possible against the front edge of the vocal process. Several 'clicks' of Teflon paste2 are injected until the cord is brought approximately to the midline. Then the needle is withdrawn and held just above the vocal cord while the patient phonates to test the position of the vocal cord. It is this phonation which is used for guidance in determining the end point with the Teflon injection. It is desirable to complete the injection in less than one and a half or two minutes after the first needle stick because a small amount of oedema collects in the vocal cord within two to three minutes after the first needle stick; if too much delay occurs during the Teflon injection, part of the improvement will be due to cedema in the vocal cord and this will then be absorbed. The patient's voice tends to be a bit tight with the first phonations after injection of the Teflon but with a little relaxation, it is possible ordinarily to obtain good, clear phonation. The patient is advised that this will be followed by a period of hoarseness for one to two weeks whilef a small amount of cedema collects in the cord and is then reabsorbed. Occasionally after the cedema has cleared, the full potential of the Teflon injection is not reached until the patient works with a speech therapist to harness fully the improved position of the vocal cord.
Bilateral vocal cord paralysis results in partial obstruction of the airway. Therefore, Teflon injection is not performed in these patients since the voice is good. Instead it is necessary, in patients who are having sufficient dyspncea with exertion, to perform an arytenoidectomy. In the past, I have preferred to do this via the Woodman (1941) approach but I have now done two via direct laryngoscopy, with good results. This approach has been made much easier since the introduction of fibreoptic laryngoscopes designed for use with the microscope. By making an incision along the top of the vocal process and extending up on the anterior surface of the arytenoid, it is possible with a laryngeal scissors to dissect a plane medial and lateral to the arytenoid and then join these two planes around the anterior end of the vocal process and underneath the arytenoid. By using the probing hook as a retractor or the alligator forceps as a retractor, the arytenoid can then be dissected free and removed. Leaving the corniculate cartilage does not affect the outcome, because this is above the narrowest part of the airway, the level of the free edge of the vocal cord.
Pharynx Paralysis
Paralysis of the pharynx results in dysphagia and in some patients with paralysis or dysfunction of 'Available from Codman & Shurtleff, Randolph, Massachusetts 02368 the larynx it can result in aspiration. A carefully taken history and ear, nose and throat examination combined with cine-cesophagram usually defines the etiology site and degree of disability. Rhinolalia caused by dysfunction or hypofunction of the soft palate can ordinarily be corrected by Teflon injection in the posterior wall of the nasal pharynx. In adults this may be performed under topical anmsthesia but it can be uncomfortable and certainly in children general anesthesia is necessary. This is done with the Bruening syringe with a nineteen gauge straight needle 3-4 in. (7.5-10 cm) long with a Rubin ring on the end. It is necessary to deposit the Teflon in the muscular layer as high as possible by passing the needle under the edge of the retracted soft palate. Care should be taken not to inject any Teflon in the lateral wall of the nasal pharynx so as to avoid the risk of injecting Teflon in the internal carotid artery, which can cause a cerebrovascular accident.
Combined paralysis of the pharynx and larynx resulting in aspiration can sometimes be ameliorated by Teflon injection of the paralysed vocal cord, but the results are unpredictable since these patients vary in the speed and effectiveness with which they pass a bolus of food through the hypopharynx. If significant aspiration persists after Teflon injection of the paralysed vocal cord, then the patient can be evaluated for cricopharyngeal myotomy or installation of a cuffed tracheotomy tube. The cuffed tracheotomy tube has been especially useful in patients with amyotrophic lateral sclerosis or brain-stem cardiovascular accident. By inflating the balloon cuff just until it is airtight when the patient is blowing upward against it, it is possible to obtain a sufficiently tight seal to prevent saliva running into the lungs. However, this cuffed tracheotomy tube requires expert nursing care since it is desirable to deflate it and reinflate it about four times daily to release the secretions from the space between the vocal cords and the upper edge of the balloon cuff so they can be aspirated from the trachea. Necrosis of the trachea is only preventable by avoiding overinflation of the cuff.
Once it is determined that the condition is irreversible, then it is preferable to section the trachea between the first and second tracheal rings in order to bring the lower tracheal stump to the skin to create a permanent tracheostoma, just as is done after a total laryngectomy. It is not necessary to remove the larynx ordinarily but just to fracture the first trachea ring in the anterior midline so its edges can be sutured together to make a blind pouch below the vocal cords. Surprisingly, this pouch often remains clear, and in any case the collection of food and secretions in it does not cause harm.
